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Summary
Using normal red-purplish grape bunches and 
pink, pink-green and green berry colour-mutated bio-
types of cv. Sangiovese (V. vinifera L.), we investigated 
their anthocyanin metabolism via biochemical and mo-
lecular assays. The number and composition of the dif-
ferent types of anthocyanins were analysed by spectro-
photometry and chromatography. The expression of six 
structural genes of the biosynthetic pathway (chalcone 
synthase [CHS], chalcone isomerase [CHI], flavanon-3-
hydroxylase [F3H], dihydroflavonol 4-reductase [DFR], 
leucoanthocyanidin dioxygenase [LDOX] and UDP-glu-
cose 3-O-flavonoid:glucosyltransferase [UFGT]) was 
determined over the four weeks subsequent to veraison 
via Northen blot and Real Time PCR.
The grapes from the non-mutated biotype showed a 
prevailing accumulation of monoglycoside anthocyanin 
fractions, with only traces of acetyl and p-coumaroyl 
derivatives. The berries of the mutated biotypes showed 
a gradual berry pigment loss associated with a reduc-
tion in total anthocyanin content, although anthocyanin 
composition was the same of the non-mutant biotype. 
Indeed, the Northern blot assay data, as confirmed by 
the quantitative Real Time PCR tests, showed a differ-
ential expression in the berries of the non mutated and 
mutated biotypes for the UFGT gene, proving normal 
in the red-purplish, lower in the biotypes with pink and 
pink-green berries and wholly lacking in the green one. 
Thus, the UFGT gene in berry skin of colour-mutated 
'Sangiovese' biotypes is controlled independently of 
the other structural genes encoding enzymes in the an-
thocyanin biosynthetic pathway and its capacity of ex-
pression is a critical factor in the synthesis and storage 
of these compounds.
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Introduction
The accumulation of anthocyanins in grape berry skin 
is one of the main features of red berry ripening and, hence, 
is fundamental for characterising grapes and wines. Indeed, 
the number and type of these compounds at harvest are sig-
nificant parameters in evaluating crop quality. In the past, 
mutation affecting berry colour in various Vitis vinifera 
cultivars like 'Malvasia rosé', 'Chardonnay red', 'Sultana 
rosé', 'Moscato red', 'Pinot grey', and 'Cabernet bronze' 
have been subjected to a number of studies (FREGONI 1974, 
GALET 1979, CRAVERO et al. 1994, BOSS et al. 1996 c). 
Mutations, especially those linked to berry colour, can 
evince different onset features and dynamics depending 
on whether they involve loss of pigmentation in red or 
the acquisition of colour in white cultivars. For example, 
CONSIDINE and KNOX (1981) suggested that the cause of 
pale-coloured berries might be a chimeric status of skin 
tissues with alternating layers of mutated and fully normal 
cells. More recently, biomolecular studies of such species 
as Zea mays and Arabidopsis thaliana have found that an-
thocyanin synthesis is largely controlled by transcription 
factors, particular proteins which operate according to a 
highly conserved mechanism among plant species (MARTIN 
and GERATS 1993).
In grapes, two specific transcriptor factors of the Myb 
family (VvMybA1 and VvMybA2) were found to be in-
volved in colour regulation (KOBAYASHI et al. 2002). In par-
ticular, a retrotransposon insertion in VvMybA1 of a black 
cultivar appears to be responsible for bud sports bearing 
white berries (VERRIES et al. 2000, KOBAYASHI et al. 2004 
and 2006). For 'Sangiovese' (V.vinifera L.), mutant biotypes 
with various degree of depigmentation (from pink to green 
berries) were described by INTRIERI (1981) and INTRIERI and 
SILVESTRONI (1985) but their physiological and biomolecu-
lar traits were not yet evaluated. Given the importance of 
this variety, which is one of the most intensively cultivated 
in Italy, we investigated the causes of berry colour change 
in some mutated biotypes. 
Material and Methods
O r i g i n   o f   p l a n t   m a t e r i a l :  During 
the 1977 harvest two bunches with yellow-green berries 
were observed by INTRIERI (1981) in a fruiting cane of a 
'Sangiovese' vine (Vitis vinifera L.) trained to spur-pruned 
cordon (Fig. 1 A). This cane was then used as a lead in 
1978 and pruned to 8 nodes (Fig. 1 B). While the fruiting 
shoot that grew in 1978 from node 1 of the retained cane 
gave rise to normal grapes, the shoots from the seven re-
maining nodes produced grape clusters of varying colour 
loss (Fig. 1 C). Single-bud cuttings from each shoot at all 
8 nodes were taken during the winter 1978-1979, which 
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in turn originated self-rooting vines each having bunches 
of varying colour intensity (Fig. 1 D). While all the buds 
from shoot 1 produced normal, red-purplish berries, all 
those from the other seven shoots produced mutated bio-
types with pink, pinkish-green and green berries (INTRIERI 
1981). Although the self-rooting vines were later multi-
plied a number of times via grafting, and since the de-pig-
mented bunches retained their specific traits, it was thus 
assumed that these mutations were ‘stable’ and most likely 
periclinal. Other details about all the above mentioned bio-
types can also be found in INTRIERI and SILVESTRONI (1985) 
and SOLARI et al. (1985). The plants used in the present 
study were taken from a collection field housing the mu-
tated (tagged SGM and assigned number codes) and non-
mutated biotypes from the original vine (tagged SG and 
assigned number code).
M e t h o d o l o g y :  The assays were run on the vines 
of biotype SG 1-1, which was taken as control, and on bio-
types SGM 3-2, 5-2 and 8-2 marked by their respective 
pink, pinkish-green and green berry colour (Fig. 2). All 
the tested biotypes were pruned to uniform bud and shoot 
numbers and, after fruit set, to uniform bunch number both 
in 2003 and again in 2004, the later being the study year.
Four berry samplings were taken at regular intervals 
from the onset of veraison in 2004. The fourth was taken 
when the berries of the non-mutated SG 1-1 had reached 
a sugar concentration of about 17 °Brix. At harvest the 
mutated biotypes had a comparable °Brix level. At each 
sampling 60 berries were randomly collected from each 
biotype, immediately sealed in plastic bags and kept in 
ice until their delivery to the laboratory. Each sample was 
divided into two groups: one was used for standard juice 
quality analyses (pH, soluble solids, acidity) and the sec-
ond for anthocyanins biochemical and molecular analysis. 
A n t h o c y a n i n   b i o c h e m i c a l   a n a l y s i s
v i a   c h r o m a t o g r a p h y   a n d   s p e c t r o-
p h o t o m e t r y :  Skins of berry samples were manu-
ally separated from the flesh and seeds, weighed and frozen 
in liquid nitrogen and stored at -80 °C. The colour sub-
stance was extracted and assayed by HPLC after DOWNEY 
et al. (2004) to determine the type of anthocyanins. 
Spectrophotometric analysis at 520 nm was then used to 
determine the total number of anthocyanins (expressed as 
mg of malvidin-3-monoglucoside per kg of fresh skin). 
For this analysis the ANOVA statistical procedure was 
performed to estimate the minimum significant difference 
in the mean percentage composition of the individual an-
thocyanins via Student-Newman-Kuels test.
T o t a l   g r a p e   s k i n   R N A   e x t r a c t-
i o n   a n d   N o r t h e r n   b l o t   a n a l y s i s :  All the 
RNA in the berry skin was extracted after the Hot Borate or 
XT Buffer protocol (WAN and WILKINS 1994), which was 
modified  according to Boss et al. (1996 a). RNA yield and 
quality were determined by the absorbance spectrum from 
220 to 320 nm with a Beckman DU-64 spectrophotometer. 
Northern blot analysis was run under standard procedures 
starting from 5 µg of total extracted skin RNA. The probes 
used correspond to the partial or complete cDNA clones of 
the genes isolated and described by SPARVOLI et al. (1994) 
and BOSS et al. (1996 b). The inserts were extracted from 
the cloning vector pBluescript SK+/- (Promega). The DNA 
bands matching each insert were isolated from agar gel 
after electrophoresis using the QIAquick Gel Extraction 
kit (QIAGEN Gel purification). Subsequent radioactive 
marking of the probes was carried out via random prim-
ing (FEINBERG and VOGELSTEIN 1983) with GigaPrime DNA 
Labelling kit (Besatec).
R e t r o t r a n s c r i p t i o n   o f   R N A   i n   c D N A : 
Because of their marked colour differentiation (Fig. 2), the 
retrotranscription of RNA in cDNA was performed for all 
biotypes using the SuperscriptTM II RNase H- Reverse 
Transcriptase (by Invitrogen) according to the protocol 
suggested by the manufacturer. 
R e a l   t i m e   P C R :  Real Time PCR was used 
for determining the expression of the ufgt gene in all bio-
types. The expression values of the target gene are related 
Fig. 1: (A) Original 'Sangiovese' vine (V. vinifera L.) found in 
1977 to have de-coloured grape clusters on a cane growing from 
a spur towards the middle of the permanent cordon. (B) Pruning 
in winter 1977-78: Part of the permanent cordon was eliminated 
and the cane with the observed mutation was pruned at 8 nodes 
and laid out in its place. (C) distribution of the mutated and non-
mutated bunches from the shoots of the 8-nodes cane in 1978. 
(D) Multiplication via single-bud cuttings in 1978-79 season: 
These cuttings from the shoots of the original cane were tagged 
with a progressive identification number as per reference shoot 
followed by a progressive number as per reference node (e.g. 4-6 
= shoot 4, cutting from node 6).
Fig. 2: Clusters exemplifying the different colour gradations of 
the mutant 'Sangiovese' biotypes. The photos were taken at har-
vest.
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to those of an internal standard, i.e. the cytoplasmatic α-
tubulin gene, that is constitutively expressed in all vine tis-
sues and detected in the reaction conditions. 
The amplification reactions were run in triplicate 
for both the standards and samples, with a final reaction 
volume of 25 µl and an amount of cDNA ranging from 
50-100 ng. Each primer (VvUFGTf- 5’AGC TGG TAC 
TTC TTG GAC TAC GTC G- 3’ and VvUFGTr- 5’ACT 
CCG TGA TCA GTC AGT CAG TTA TG-3’) was used 
in the reaction mixture at 0.3 µM concentration. The am-
plification cycle included a 3-min first stage at 50 °C to 
activate the uracyl-N-glycosylase enzyme (UNG), a 3 s at 
95 °C to denature UNG and activate Taq Polymerase, and 
then 35 cycles of 30 s for denaturation at 95 °C, 30 s for 
pairing at 57 °C and 30 s for extension at 72 °C; the emitted 
fluorescence was measured during these runs. 
Results
S p e c t r o m e t r y   a n d   c h r o m a t o-
g r a p h y :  Fig. 3 shows the evolution of the anthocyanin 
concentration values recorded in samples. The biotypes 
whose absorbance value topped the threshold showed an 
increasing anthocyanin trend over the four weeks. The SG 
1-1 control registered a final anthocyanin concentration of 
925.75 mg·kg-1 skin, i.e. within the average for this cultivar. 
Absorbance was zero for SGM 8-2, the one with no berry 
pigmentation, and notably lower than control for the bio-
types with a fairly marked colour SGM 3–2 (518 mg·kg-1) 
and SGM 5-2 (124 mg·kg-1).
In the mutated SGM 3-2 and 5-2 all the acetyl-gluco-
side forms were completely absent, while their anthocyanin 
profiles show a distinct prevalence of the monoglucosides 
malvidin and cyanidin, which alone account for 60 % of 
the total, followed by delphinidin, peonidin and petuni-
din monoglucosidates. No statistical differences (p >0.05) 
among the profiles of the tested biotypes were found by 
ANOVA analysis, thus demonstrating that the differences 
among them are rather quantitative than qualitative.
N o r t h e r n   b l o t   a n a l y s i s   o f   t h e 
s t r u c t u r a l   g e n e s   f o r   a n t h o c y a n i n 
b i o s y n t h e s i s :  The results of these assays, which 
refer to the fourth post-veraison week, are shown in Fig. 5 
and indicate a marked expression in the tested biotypes 
for the ufgt gene, which at that time was clearly detect-
able in the SG 1-1 control and in the partially de-coloured 
SGM 3-2 and 5-2. At the same time this gene was either 
not expressed, or not detectable, in SGM 8-2. By contrast, 
the CHS, CHI, F3H, DFR, LDOX biosynthetic genes were 
more or less expressed in the tested biotypes although the 
samples from the most de-coloured skins registered a low-
er level of expression.
R e a l   t i m e   P C R :  Fig. 6 shows the test results for 
the ufgt gene, expressed in per cent of peak value registered 
among all biotypes at the four sampling dates. The data are 
derived from the relationship between the concentration 
of the ufgt gene and that of the endogenous reference α-
Tubulin gene, which was amplified in parallel analysis for 
each sample and with the same conditions. The reported 
value at each point is the average from three replicates per 
each sample.
Fig. 3: Variation in total anthocyanin concentration in the skins 
of the 'Sangiovese' mutant biotype berries over the four weeks 
subsequent to veraison. 
Reverse-phase HPLC was performed only on SG 1-1, 
SGM 3-2 and SGM 5-2 since no pigmentation was detected 
in SGM 8-2. The results are reported in Fig. 4 and expressed 
in per cent of total anthocyanin content per biotype. The 
non-mutated SG 1-1 registered seven anthocyanin types: 
3-monoglucoside delphinidin, cyanidin, petunidin, peoni-
din and malvidin, the 3-acetylglucosides and the 3-p-cou-
maroylglucosides; the later two being present at the lowest 
concentration (0.5 and 2.5 % of the total respectively), thus 
confirming previous studies for the same variety growing 
in different conditions (BUCELLI et al. 1992, BALDI et al. 
1992, BELLINCONTRO et al. 2004). 
Fig. 4: Anthocyanin profile of the skins of biotypes SG 1-1, SGM 
3-2 and SGM 5-2 as determined by HPLC on the samples col-
lected 4 weeks after veraison: 1 = delphinidin 3-monoglucoside; 
2 = cyanidin 3-monoglucoside; 3 = petunidin 3-monoglucoside; 
4 = peonidin 3-monoglucoside; 5 = malvidin 3-monoglucoside; 6 
= total acetyl-3-monoglucosides; 7 = total coumaroyl 3-monoglu-
cosides. No statistical differences among the profile of the tested 
biotypes were found
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whereas all the other genes of the anthocyanin biosynthe-
sis pathway are expressed in all biotypes regardless of their 
berry colour. Our results for 'Sangiovese' mutants confirm 
this finding and support the idea that the control system 
of anthocyanin biosynthesis in berry grapevine is further 
upstream than in species like arabidopsis or maize (MARTIN 
and GERAT 1993). Indeed, anthocyanin synthesis in our de-
pigmented grape bunches is impeded because the ufgt fails 
to gain expression despite the fact that a complete and non- 
mutated copy of the correspondent gene is present (data 
not showed). No mutations were detected in the promoter 
region of the ufgt gene in the different biotypes (data not 
shown). Thus, as found in recent works on other colour 
mutated cultivars (KOBAYASHI et al. 2004 and 2006, Walker 
et al. 2007), the berry depigmentation of 'Sangiovese' bud 
sports can also be ascribed to a mutation affecting one or 
more transcription factors that activate the ufgt gene ex-
pression.
The tested biotypes featuring partial or full loss of col-
our, as is usually the rule with white cultivars, also showed 
a weaker expression of all the biosynthesis genes impli-
cated in anthocyanin metabolism than the non-mutated 
red- purplish biotypes. This response may be explained by 
the role of the mutated element at varying metabolic lev-
els, whether via direct action on the other genes involved 
in biosynthesis or via the indirect action of an inhibitory 
feedback loop generated by accumulation of the substrate 
upon which the enzyme encoded by the ufgt gene is sup-
posed to act.
Our biomolecular data on the UFGT enzyme appear to 
support the view that there is only one form of the enzyme 
in 'Sangiovese' acting on all the different types of anthocy-
anins produced by a given tissue in proportion to the action 
of the transcription factors. This assumption is reinforced 
by the fact that the biotype chromatographic assays (Fig. 4) 
show anthocyanin profiles marked by quantitative but not 
qualitative variations. Thus, as reported by WALKER et al. 
(2006) for 'Cabernet Sauvignon' color mutants, the depig-
mented 'Sangiovese' biotypes could equally derive from a 
bud sport leading to lack of anthocyanins in sub-epidermal 
cell layers (as for the pale colored berries) and in the whole 
skin tissues (as for the green berries).
Further researches in 'Sangiovese' biotypes should 
move a step closer to disclosing the molecular basis at the 
origin of the bud sports either mutation in regulatory genes 
(WALKER et al. 2007) or their allelic variations (THIS et al. 
2007). This should help to isolate and characterise tran-
scription factors such as VvMybA1 e VvMybA2 and make 
possible a far greater understanding of how they ‘drive’ 
anthocyanin synthesis towards greater colour expression 
for superior quality grapes.
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